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SOLVENT AND METHOD FOR EXTRACTION 
nv TRIGT.YCEP TT^^i^^ R^CH OIL 

FipM nf Invention 

The present invention relates to a method and solvent for use in extracting oil 
fton. oil bearing n«,erials, preferably a triglyceride rich oil is selectively «-.rac,ed ftom 
the oil bearing material. More preferably, the p«sen. invention relates to a solvent, 
comprised of a hydrocarbon and a fluorocarbon, and a method that will preferably 
^ove an amount of oil comprised of greater than 95% by weigh. ,rigl,c«ides and other 
non-polar constin-ents ftom an oil bearing material, such as a soybean material. 

Wapk groun« * »f Invention 

Oils, especially oilscomprisrfprimarilyof^iglyceridesandothernon-polar 

consUtuents. are used in a variety of applications including uses as edible and non-edible 
„„s Edible oils that are high in triglyc^ides are especially desired and are typically used 
as food ingr^ients or as a medium for frying or cooking foods. Trig.yc«ide rich edible 
„Us are preferred for usebecansetheyhaveahighsmolcetemperaturcmeaningthey do 

not readily smoke or bum when heated, making them ideal for frying or cooking, and 
have a desirable flavor. It should be pointed out that most edible oils sold in grocery 
stores are primarily comprised of triglyc^des. Non-edible oils include technic^oils 
such as lubricating oils and hydraulic fluids and fiiel. 
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There are a variety of sources available for use in extracting oils which are high in 
triglycerides. Some of the available raw material sources include: soybeans, com, 
sunflower, palm, cotton seed, olives, peanuts, linseed, and coconut. Additionally, there 
are other types of vegetable and animal matter which can be used to extract oil that is 
high in triglycerides. Regardless of the source of the oil, it is generally preferred that the 
extracted oil be devoid of unsaponifiable matter, pigments, phospholipids or 
phosphatides, and odoriferous components. This is especially true if the oil is going to be 
used for cooking or edible oil purposes. Unforttmately, most known methods for 
extracting oil from oil bearing materials initially resuU in an oil which contains these 
unwanted components. As such, it is often necessary to pass the extracted oil through a 
number of refining steps to ensure adequate removal of the odoriferous components, 
phospholipids, and pigments. Additional refining steps, however, are undesirable 
because additional steps generally raise the cost associated with producing both edible 
S and non-edible oils. Increased energy inputs are required and often more equipment is 

necessary. For these reasons, it is desired to have a more cost efficient and less energy 
intensive method which most likely requires fewer steps for removing oils rich in 
triglycerides from oil bearing materials. 

Of particular interest is an oil rich in triglycerides derived or extracted from 
' soybeans. It is known that soybean oils are especially prevalent for use in cooking and, in 
general, are desired for use as an edible oil. Soybean oils are especially well known for 
use in frying foods. Before selling soybean oil commercially for use in cooking, it is 
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necessary to ensure fta. the phospholipid, color, and odoriferous constituents are 
removed, otherwise consumers will consider the product undesimble for consumption and 
cooking uses. This is espeoiaUy true if the oU has a disagreeable smell as a result of the 
odoriferous compounds. For this reason, it is especially desired to have a more efficient, 
less energy intensive method for extracting triglyceride rich soybean oil from soybean 
material. 

Traditionally, soybeans and other oil bearing materials have had oils extracted by 
a general me^od which includes preparation of the oil bearing material, extraction of fl« 
oil from the oil bearing material with an organic solvent, separation of the »lve„. ftom 
the oil, and removal of polar materials, including phospholipids, pigments, odor, and 
color constituents from the oil. This is generally followed h, a solve* neutralization 
^ step. ,.iskn„wnthatin.hisge„eralpr„cess,thes.epforremovalofti,epolarmaterials, 

such as the phospholipids, pigments, and odoriferous constituents, and the solvent 
neutrali^tion step can add costs and result in incre^ energy inputs. What is greaUy 
aesired is a method that aUows tor extiaction of a triglyceride rich oil ftom an oil bearing 
material, especially soybeans, that does not initially remove tite phospholipids, pigments, 
or odoriferous compounds with tite triglyceride rich oil. 1. is also desired if a solvent 

and^oramethodthat selectively extractstriglyc^idesftomtheoilbearing materia, and 
U^t does not result in tite extraction of tite odoriferous compounds, color consti.«.ts, 
and phosphoUpids with tiie triglycerides. 
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A number of processes exist for extracting oils from oil bearing material; 
however, a vast majority of these known methods are disadvantageous for one reason or 
another. For example, it is well-kno,™ inthe extractfon art to use hexane to extmct 
triglyceride rich oil from oil bearing materials. This, however, suffers from two 
problems. First, the extracted oil contains a sufficient amount of phospholipids, 
^ioriferous components, and color components so as to warrant additional steps 
necessary to remove «.e« constituents. Hexanes alone do not selectively extract 
triglyceride rich oil. This, in turn, increases the amount of energy and number of pieces 
of equipment required to separate the oil from the oil bearing material and, as such, 
increases the cost. TT-e second problem is U»t hexanes are highly flammable and has 
been known to combust and cause plan, explosions. However, the majority of soy oil 
extractionme.hod.usehexane.becausehexa„eshavealow viscosity and most oil 

components are miscibleinhexane. AS such, it isdesiredtohaveamethodand/or 
solvent that preferably includes the use of hexane for removing the oil from the oil 
hearing materials which does not require an additional removal step for d,e color, odor, 
and phospholipid constituents, and which is non-ftanmable or, more particularly, less 

hazardous to human health. 

U is ftMher desired to be able to exfract the oil in conditions that are close to 
ambient. It is even more preferrrf to be able to separate the oil from the solvent at 
ambiem or near ambiem conditions. This is desired because of the lesser energy input 
^mred. Currently, many removal processes include a distillation step designed to 
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separate the solvent torn the oil. As such, it is especiaUy desired to elitninate or reduce 

the need for a distillation step ftom the oil extraction method. 

„ has been known to use a tnixture of solvents, including hydrocarbons and 
halogenated hydrocarbons, to extract oil from an oil bearing material. It is Ulieved that 
the known solvent mixnrres typically have a higher polarity than the oil. TOe use of a 
higher polarity solvent appears to have developed into tite preferred way for extracting 
oils from oi, bearing material, h. general, it appears that the art has taught away f^m 
loweringthepolarity of the solvent to produce a solvent having a polarity of about 0 or 

less than that of the oil. Instead, ti. art, as observed by currently practiced meUtods. has 
^Uytaughtthatthehighly non-polar solventsarenot suitable tor extracting non- 

polar triglycerides. 

,„ U.S. paten. No. 4,008,210, invented by Steele, et al., a potential use of a mixed 
solvent isdisclos^.Specif.cal.y..heme.h„ddisc.os«,in.heStcelepatentrelatesto.he 

formation of a protein^us mat^ia. that is devoid of oil components, with ti» method 
elated to the selective extraction of triglycerides. Import^tly. tire meti^ does no. 
.isclosehowto selectively extractatrig,yceriderichoilftomanoilbearingcompK,sition. 

Furtirer, tins patent does not disclo. ti,e specific reou^cnts for a solvent that will 

selectively extract tiiglycerides fiom oii bearing materials at near ambient conditions. 

Thus, it is desired to have a substantially safe, norf«zardous solvent and/or 

method for selectively extracting triglycerides from oi. bearing materials, especially 
3„ybeans,thatre,uiresverylittleenergyinputand«>a.,inparticular,canbecondnctedat 
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near ambient conditions. It is especially desired to have a method an^^^ 

.esultsmtheselectiveextractionofoilthatispreferablycomprisedof95o/oor^^^^^^ . 

Mglyceridesandnon-polar constituents, and evenmorepreferably,comprisedof99^^^ 

„.ore triglycerides so that phospholipid, color, and odoriferous constituents do not have to 
be separated from tiie oil after removal of the solvent. 

The pr^en. invention relays ,o a solven, which can be used in *e exUaCion of 
„U from oi, bearing materials. Preferably, fte solvent will result in the selective 
extraction of an oi. comprised of a, least 95% by weigh, non-polar constituents. Even 
^ preferred is for the solvent to selectively extract an oil comprised of greater than 
W.by weight «,n.poWco„stin.ents.includingtriglycerides.Additi„nally.an.e.hod 

he used with the p«sen. solvent to extract the oil ftom the oil bearing material. 
Besides resulting in a selective extraction, the solven. wiU have a sufficientiy low 

viscosity so as to allow i. to readily pass over or Uuough the oil bearing material. In 
particular.the solven. willnothaveaviscositysuchti^tOte Viscosity isaratelimiting 

^.or in «.e extraction of the oil 6om tite oil bearing ma^rial. With this h, mhtd. it is 

Furiher. because it is desired to extiaC an oil comprised primarily of non-polar 
constih.ents,itisnecessaryfor.hesolvent.ohaveapo.ari.ytha.ise,ualt„orlessti^ 

the non-polar constituents. In particuh.. tite polarity should be e<,ual to or less than ti>e 
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polariW of *e ttiglycerides which primarily comprise oil. As such, it is prefe^d for 
solvent to have a polarity that is equal to or less than 0.1 . Additionally, the solvent is 
relatively non-flammable, h^ a low toxicity or is not overly hazardous to human health, 
and does not result in causation of significant ozone depletion. 

Any of a variety of constituents can be used to form fl.e solvent; however, it has 
been foundti^tasolventhavingflre above Characteristics can beformedby combining or 

mixing an organic halide or non-polar halogcnated solvent, generally a fluorocarbon. with 
a low molecular weight hyd^carbon Preferably. ti.e hydrocarbon will be of tire formula 
C. H,„„, or C. H. and 3, witir n equal to between 5 and 8. Even more preferred is for 

the hydrocarbon to be a hexane. 

The fluorocarbonls preferably selected ftom the group consisting of 
hydrofluorocari^n. perfluorocarbon. chlorofluorocarbon, hydrochlorofluorocarbon, 
.ydr^^Morocarbon, and combinations titereof. More preferably, the fluor^arbon will be 
a hydrefluorocarbon, a perfluorocarbon. o, a hydrochloroflu„roca.*o»- 
Hydrofluorocarbon is presentiy tire most preferred fluorocarbon for use witi, tt-e 
hydrocarbon. The fluorocarbon constiti«nts that are desired are non-hazardous, non- 
flammable, have a polarity of less tiran 0.1 . and can be used to form a solvent ti,a. will 

selectively extract an oil that is rich in triglycerides and oUrer non-polar constitirents. 
Also the selected fluorocarbon shouldhaveaboilingpoint below tire boilingpointofa 

«g„ceridebutab„veambient.emperatures.Obviously,otherfluor„carbonconstiti.ents 
en be used, however.ti.ey may suffer ftombeinghazardous. for example. The 
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hydrocarbon and Huorocarbon can be mixed together in any of a variety of amonnts so 
long as the mixture of constihtents results inasolvent that hasaviscostty of less than 2.6 

centipoise and a polarity less than about 0. 1 . When a hydrocarbon, such as hexane. is 
mixed with a fluorinated hydrocarbon, or fluorocarbon, such as decafluoropentane, the 
fluorinated hydr^^bon will typically comprise about 65% by volume of the solvent. 

As mentioned, the solvent can be used as part of a method to extract oil from oil 
bearing materials, with the method initiated by preparing the oil bearing materials for 
extraction. The preparation begins by making sure that dte oil bearing material - of a 
sufflciem size so as to expose as much as possible of the surface a.«. of the oil bearing 
^.erials to the solvem without clogging the device used to expose the oil bearing 
3 „««rials to the solvent. After preparation of the oil bearing materials, the method 

I involvesexposingsuchmaterialstothesolven. U should be noted, that tite temperature 

inwhichtheoiiisex.racted.iomtheoilbeari„gmaterialssho„ldrangebe.w^about 
35«C and about 55 »C. Such a temperature will result in the oil being miscible in me 
solvent. Thisispreferablydoneinadevicethatcausesthesolventandoilbearing 
materials to move counter to one another so that there is sufficient contact between the 
solvent and tite oil b«^ng materials. Once sufBcient contact has been made between the 

solvent and tire oU bearing materials, a solvent and oil mixture will be formei also 
knownasamiscelLUistirenpreferredtoseparatetiresolventandoilmixtureftomtire 

oil bearing materials. 
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After separation of the oil and solvent mixture, or miscella, from the oil bearing 
materials, it is necessary to then cool the miscella to a temperatt^ ranging between about 
1 5- C and about 25» C so as to cause formation of two distinct layers. The oil can ttien 
be easily separated from the solvent so that an oil is formed which is nonhazanious to 
human health and is ready for immediate use as an edible oil. The separated oil is 
comprised of greater than 95% by weight non-polar constituents. 

The present invention is advantageous for a number of reason. First, tiie present 
invention requires a comparatively lesser amount of energy input than other known 
methods, meaning the present solvent and method result in a comparatively cheaper 
extraction of oil. Additionally. ti,e present invention is advantageous because a selective 
extraction occurs which eliminates tire need for additional refining ste^ designed to 
remove polar constiments, tocltriing unwanted constiments such as odoriferous 
compounds, color components, and phospholipids. A ft.ti.er advantage is to. tite 
present invention is easily perfonned. meaning application takes a lesser amount of time 
and energy tim. what is believed to be involved in other oil extraction metitod.. Yet 
another advantage is that tite solvent and metitod are comparatively safe for human use 
^d are non-hazardous. Advantageously, ti,e solvent and metirod resuU in the extraction 
of g^ter tiran 15%. preferably 20%. of tire total soyt«an material, which is comparable 
to other presently used metiKXls for extiacting oil from oil bearing materials. 
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Rriftf Descri pt^"" «f Drawings 
Fig. . showsfte parentage of oU^ooveredftom soy flakes usingahexane and 

fluorocarbon solvent at diifetent temperatotes; 

Fig. 2 shows *e percen«>ge of oU recovered ftom soy flakes using a hexane and 
fluorocarbon solvent at a temperature of 25= C, v*ich is soniea.«i; and. 

Fig, 3 shows the percentage of different fatty acids found in an oil extracted with 

the hexane and fluorocarbon solvent. 

T^ftf"'"^ Tiisclosure 

Tl,e present invention relates «> a solvent for extracting oil from oil bearing 
material,especla,l,s„ybeans,andame.hodusedinass„ciaaonwi.h.heso.ve„t. Theuse 

„ahe solvent wiirresultinaselectiveex.rae.ion.thatremovesamajority of available 0,1 
ft„mtheo«bearingma.erial,wi*.he„ilc„mprisedofgreater.han95%by weigh. 

Mgiycerides other non-polar constituents. Even more preferred, the use of .he 
.,ventwillresultinase.ectiveexfractionofanoilcomprisedofgrea.erti>a„99./.by 

weigh.tiig.yceridesand„ti,ern„n-polarc„nsti.uen..I.ispre.^.o-— e'^"-^ 
associationwi**es„lven.as.MsisbeUeved.oincreaseti,eefficiencywiU,which*e 

«„ishedoilpr<Kiuc.isob.ained.ln,por.a„t.y.*eoi.willcon.ainnegligihleamoun.of 

polar consti»e„.,speeifically,c„lor.odor,andphospho,ipldc„nsti«.en.,meaningd.a. 

*eoil will genend.yno.r^niref^herprocessing.0 remove suchconstinren.. 
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^ solvent used in the present method ,s unique, especially for use in extracting 
„uwithti.eso,ventl,av,„,apo,aritye,ual.o„r.essthanabout0.avisc„sitye,ualto 

,e.than2.6eenHpoise,an<.adielectncco„sta„.e,ua.toal»„t2.Thesolventn.ust*e 
,e.spo,arthantKetrig,yce„desornon.po.areonsHn.e«sf„undin.heoU.Also,.he 

.went will typically have a polarity that is close to the tHglyceride component. 
Prei^ly.theso.ve„tshou,dheofa.owtoxicity,suhstantia.lyn„n.flanunahle,ofahish 

.Wentstrength.havearapidpene.rati„nrate.easi.,s^ahle^..hen,isce.la,andora 
,„„specificheat Itnportan-y.wHenthe solvent iscontactedwithanoilbearins 
^.Hal,espec.allyprepar=dsoyhean.«.lyceHdeswillhen,iscihle.ntheso,^ 
preferably ata.e.peratnreransin,hetwecnal.u.35»Ca„dab„u.55-C.A«er 

„^tion„ftheoi,.onttheoi..earinsn.a..al.as„.venta..d„iln.x„e(an^^^^^ 
.„hefom,edthatca.the„.eco„led,preferahl,toate.pcra.«era„Sin.hetween,5 
Candahout.S=Ct„.herehyfom,adis.inctoi.layerandsolvent.ayer.T.etri,yceride 
Hchoilcanthenheeasilyseparatedftcmthesolventandhereadyforconunercia., 

, -I , a,nolications Thesolventiscomprisedofahydrocarbon 
specifically edible oil, food applications, in 

constituent and a non-polar fluorocarbon co^tituent, more preferably, a 

decafluoropentane. 

Thesolventandn.e.hodv.l.preferablyresultintheselecUveex„ac.ion„fn„n- 
— foundintheoil.Theno..polarconstin.entswillincludeestersofa 

,^..dand..yceroUener..ytri.lyceridesofthefo,.ulaeC„.OOCK0CHC^^^^^ 
C„,OOCR.,,where.R,.R,.andR,.enerailye<,uMhydrocarb„nchainsofdifrere. 
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lengte. Prefe,ab.y,*eh,drocaxbo„chainsare,5ori7caAonsin.e„gd.. An 
e.e»p.ar,perce„.geotfattyacidsof«.re„,chai„.en.tt.«,a.co.pri3eU,eex«ac^ 

„« a« She™ in Fig. 3. Among «.e specific «g.yceri.es e.»c«d «i* *e solvent 
and/or meted are ttistearins. trioleins, and trilinoleins. 

The memod can be initiated by either treating an oil bearing material so a. to 
^i. tor extraction withthesolvctorbyobtaininganalreadytreatedoilbearing 

„ateria,thatiss..tab.eforextractio„«i«,.hesolvent.Itbeansare,heprefe.redo,l 

hearingma.erial.thentoprep^thebeans,itiseither.ypically necessary to dry,crac. 

dehydrate,andfla.ethebeans„rext™dethebea».When.heoilbeari„gmateria.,s 

^ed,itisprererredthatthematerialHaveacer.a,„parUc.es^tha.iseondt.ivet„ 

.«action.ithasolven..Theoilbearingma.erialsho,.dhaveapar«c.esi.that,s 

^tedforeasyextraction«ithasolvent.Thismeansthatthepar.clesi.andshape 

^.dbesuchthatasm,.haspossible„ft.«snr^areaofthemat«ialisexposed.o 

.esolventandthatthesolventwinre^passthroughorovertheoilbe^ingmaterial. 

P^er,thema.erialshould„o.besosmal.thatthesolventandoilbearingmaterial«.U 

eiogthedevicein^hich^esolventandoilbearingmaterialarecontactedwithone 

.other. An„therproblem«,.hpar.c.es.hataretoosmal.is.hatsoWen.v.l,bemo,. 

^Uy retainedonthepartic.es. Th.,i.isdesiredtha..heoilbear.gmateri.bavea 

p3rtic.esi.thatiscondncivetorapidextrac.io„ot*eoil^m.he„ilbearingmatena. 

.teuthavi„gasizethatinterferes.i.hthesepara.ionomeoU.dsolventm.xture 

<^„.heoilbearingmaterial.Ushouldbemen.ioned.hatwhenex.racangoUftoma 
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soybean staning material, it is most preferred for the soybeans to be flaked so that they 
^ elongated thin wafers, for example the beans are flaked to have a length of 
approximately 10 milUmetersCnm.") and a thickness of less than approximately i mm. 
Regard,essoftheoilbearingmateHal,itispreferredforth.material.obe.reatedsotha. 

U , a thin flake, meaning dimensioned to have a greater length than thickness. 

Any of a variety of starting materials can be extracted with the present solvent. In 
gener.,anyonbearingmateria.thatspeci«callycontainsa.amo.mtoftHglyceridescan 

beextract«lwiththepresentmethodand.ors„lvent.Ms„c.thisv.,,genera,l,include 

.^anlmalorvegetablematterthatconta^anamo^tofoilthatisintt^comprisedof 

.,,,erides.An,ongtheprefe,redoilbeaHngmateri.saresoybea„s, cor. cotton seed, 

„,ives,pean„t.linseed,c„c„nnts,sunflow=rs.ds,sesameseeds,flax,andanyod.roil 

^,vegetablematter..tismost^f^.oextract.he.riglyceriderichoil.oma 

.,beanstartingmateHal,assoybea„oilisapreferrededibleoilfornse..hefood 

Soybcanoilextrac^onisalsopreferredbecansesoybeansarereadilyavailable 

and economical for use. 

Onceasuitableoil bearing materialhasbcenobtai«ed,theoUbeari«gmaterial 

.UibeplacedinadevicesuitableforcontactingtheoilbcaHngmaterialswiththe 

..vent.ThisextraoUons.epca„beaccomplishedbyusingan,ofavarietyofhnm=rsio„ 

^„,percolationt,peextractors.Essentia..y,anydevicecanbeusedthatw,ll 
^contactthesolventwiththeoilbeanngmateHaiandallowforsufflcient 
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«pa«tion of U.e oil ftom*e oil baring ma^rial, followed by sufficient sep^on ot*e 

solvent and oil mixture from the oil bearing material. 

Among the specific typ«s of suitable extractors are: rotary bed extractors, deep 

bed extractors, carousel extractors, horizontal belt extractors, continuous loop extractors, 
percolation type extractors, sew type extractors, and auger .«>e continuous extractors. 
„ . „„st preferred to use a screw type extractor that will allow the oil bearing materia, 
^soiventtomovecountertooneanothersothatthesolventwashesovertheoilbearing 

^rtal and extracts the oU. Any of a variety of screw type extractors can be used and, 
aaditionally,m„reth.o„esc,ew.ypeextractorcanbeusedsothattheoi.bearing 

materialisexposedtomultiple washingswid>the solvent. Preferably.theextraction 

aliows the miscella to gravimetricaliy drain away ..om the oil bearing material. 

number of screwtype extractors or othertypes of extractors used wiU be, m 
^ aependentupo«.heco„.act.imebetweenthesolventandoi.bearin.materia.. Which 

,ofteninflue„ced,forexample,bythe.eng.hoft.«screwtypeextractor. Also. whether 

..yagitationisusedinassociationwiththeextractor will influencethecontacttime. and 

number andsizeofex.ractorsu3ed.Agitationispreferredbecauseittypically increases 

^ .te a. which the oil is extracted by the solvent torn the oil bearing material. Any 
extrac.orcanbeusedaslongas.hereissufi-.cientcontacttimeb.^veenthesolven.and 

oil bearing material to ensure adequate removal of the oil. 

A preferred pilot system includes a pair of attaclKd screw type extractors that 
have a housing that is approximately ,0 f^. long and a diamet. of about 6 inches. 
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Prefembly, an auger v^thin .he housing of U,e extractor will rotate at a speed ranging 
between 0.5 rpm and 5 rpm. Any speed is permissible so long as there is snffcien. 
contact between the solvent and the oil bearing material. It additionally is preferred tor 
the screw type extractor to be set a. an angle ranging b.^»een about 10" and about 30». 
TWsisdesiredbecausethe angle will provide for anoptin^lcontacttinre between the 

solvent and the oil bearing material, and a desired solvent drainage rate. The extractors 
are attached so that the oil bearing material will be exposed «, two or more washings with 
the solvent, which can be a washing with a new non-oil containing solvent each time or 
.peated washings wththesameoilcontaiuing -.vent Mostimportantly.itis necessary 

„maintainthe.emperatureoftheextractiona.ara„gesuff.cienttoextracttheoiland 

.anse the oil to be miscible in the solvent. Preferably, the extraction is conducted ata 
..mperaturerangingbe,weenabout35-Candabou.55"C.Regard,ess„fthespec,fic 

r^ofextractornsed,itisprefer.dfor.heso.ve„.tol«added»dmaintainedatth.s 

,empera»rerange.Whenex.racUngoi,.^msoybea„m«erial,i.ispreferredtoext«c.at 

leastapproximately ,5% and, more preferably, 20% of the total soybean material. An 
exemplarypercentageofextractedoilisshowninFig. 1. Tire pe^ntage extracted 

increases with agitation, as shown in Fig. 2. 

The solvent used to extract the oil 6om the oil bearing material will desirably 
,aveapo,aritye,ualt„„rless.hanaboutO,and,a.theveryleas.apolar,.ylessthana 

triglyceride. The solvent wiU preferably have a dielectric constant eoual to about 2.0. 
Additiona,ly,the solvent shouldhavealowviscositysothatthesolventdoesnotbecome 
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,„.,i™.ingfac.or in*eex«aoU„„of.heo,>fto«.he outdaring— AS 

.„«p„iseaaO"C.P«.*esoW=..asa.Uco..r».U.Sbe^»ee„a.«.0.3a„d 
^„UOce„.ipo,seaaD«C.Theso.ven.*ou,dca„se*e»ig.yceHaesa„do«,er«on. 
po.. — found.U«oMeHvea.o„*eo«.aH„.n..Ha,..o^™«.ea. 
.,,e™d.™p.ra».:a.,„S.-„a..35-Ca„da.u.35.C.T..,.esoWe. 

3.„.dse,ec«ve.ex.»..«i.,ce.ae.a^,ifae.^.o««-on-po.a,— ^ 
e.a.on„f.eon,.e.iseeua.ou.d.co„.e.«>a«.pe..».— .fonntwo 

d,sa„cUa..ano.Ua..a„dasoWe„Ua,«.T.e_^e„ed..pe^ero.U.s«m 
,.,e^ee„a.„U3^Ca„daWua3=C.T..„.,s,.po«eo,*esoWe„..o.ve 

«„«p„..UUeven.o«>.ponan..,.es„W»UoBe— .ea„a.™d^. 

,,.....p«a«.c.ose.a..«.a.a«.pe.»eo^— 
^e.eoU»i.iHe.t.es„Wen.Ho„.a.so.e..a..e.,„o„— and 

hazardous. 

P.fe„Hy,*eso.vent«i..Uco™prisedofahyd«.a*o„ — anda 
a.„ea^«spcc>e.c„— .T.e..d™c..n — w.np.fe«.,.a^ 
.„.„.«e...,d^--.e.„«..e™o..u.«e..wiU.„«™oa.e- 
«ed3oWen.».avea.ow..sc„si...r*e»o«a.wel...o.*=.yd^-n,s 

.„,,,,...a^.a3.«a..p......e«.s^.We..«..o„-^^^^ 

.dv.ano.a„owfo,ad.ua..«nova.or„U.TKeH,d^a^nca„..lee«d^™.e 
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,„,oonsis.i«sofC„H^„,anaC.„..,.i*ne,uaUobe.ween5a„aS.Aa«^^ 
^.o.pref.r^h,a„>ca*o„fo,„.U.exaneKCH,CH,.C„0,.wi*ei*ers»i^^ 

„se Hexanes are preferred because flrey are readily available, ^icaUy -d in Ure 
„andreadi,yresultinthesepara.ionofoi,fton,oill«ari,,srna.eria.s,a3«,^ 

,e..e.^apo,ari.simi...o.Heoi..O:herhydrooar.o,.ca..eused.,on.asUrey 

^Uind.eex^acUonofoil.oarrbeea.ilysepara^^-*""-''— 

detrimental to human health. 

H„n.p„,a.haloge..«dhydroea,bo..,preferablyfl— .arepreferredrobe 

1. i„o«t The fluorocarbon solvent is selected 
„ixed vrift *e hydrocarbons .0 form *e -iven'- 

u ru F where n equals between 4- 
o; c*;«a nf hvdrofluorocarbon, CnH(2„+2) - x r x> ^ 
from the group consistmg ot nyaroiiu 

u«rF where n equals between 5-8; 
8 and X equals between 1-17; perfluorocarbon, C„F,..), wher 

, CCl F wherenequalsbetweenl-eandxequalsbetweenl- 
chlorofluorocarbon, C„Ci(2n+2)-x rx> 

1, PH „aFr, where n equals between 1-4, X equals 

13- hydrochlorofluorocarbon, C„H(2„.2)-(x^f) '-'x f 

1-9. and te,uals be^veen 1-9; and, hydrcchlorocarbon CH,«,..a. where n 
,„a.sbe™eenM,andxe<,ualabe..een..9.Ueflu„rooarbo„soWenUspreferab,y 

selee-edfronr^esronp— .o.C,„,P,.,C.HF.C,HF,,C,^..C.H.F,C=F^ 

C,„Cl..^H,C,,C.H3C.3.andC.HC,..Usn,orep.^^^ 
.elec.ed^*e,roupi.l«dingbydr„«— ".P-*— 
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^fe^d fluo— consUtue^s are hyd,ofluoroca.bo., in 

invention. , , 

..™.c.We„..io..*e»We„..a3a...ae„.po.a..a„a.seo...- 

■ .■ .„f. hp solvent. However, if al'e>'™=™'' 
ba^d upon fte finished characunsncs of solvent 

«„o.ea.ona.n.i.cato.etKeU.is.=n-.P------'°^'-7"^ 

.^onntoffi— e,^to..wee„a.ont...at.a.nt,0...,volnn.eof 



the solvent. 
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The extraction solvent is made by mixing the fluorocarbon, preferably 
hydrofluorocarbon, with thehydrocarbon, preferably hexane,atroom temperature (25X). 

Mostpreferred,isfor the solventtobecomprisedofbetween30o/o to 40o/oby volume 

Hexan^withthehexaneandthedecafluoropentanemixedtogetheratroomtemperatureto 

form a desired solvent. 

TO aniv. a. a suitable polarity for the solvent, .he polarity of both the hyd„.ca,bo„ 
.„.,hefluorocari,o„speeies.»s.beta.enin.oacoo»tAs«i.ab.eso,ve„.po,ari.y^ 

be derived using the following formula: 

^etebyPVe!l-HaH.y^-"ftbes„.ve„.b.e„.P^e,.Utbep„.aritylnde.of 
solven.a.P'.e,uals.hepo,arity,n<.exofsoWe„.b.ie,ua.s.hevolu™eftac.ionof 

.,v»ta.aa<lie,..s.bevolu.ne.^e.io„ofso,ve„.b.P-.shou.dUe,.ltoor.ess 

*"\eneta.ly..hesolve„.,depe„den..pon«>.^«*-^^^'^-^'''^'''^^ 
.o,be„i,beari„gma.eria.f„.atin.™sinBbe.wee„abou.30seco„dsandabou.5 

™..e.as.MsUt,plca.lys„fBcle„t.o..ovea™3on.yoftbeav..b.eoi.fo».i«.^ 
„„.ea.,ns»aterial.Sp«,.heoilbearin.».eria,willbeta»e.seai„.hesoWe„t 

,o,.twee„5seoo.^ana.»oa)«.nu.es.T.e— .«-,hatfoUo.s«lUbe 
a.ected.opetcolat.,goreauslnsa,itati„nof«.oilcon.ac.edwi.h,heoilbearit.a 
.a.eria.tocausesep=..ion.T.ean.o„«tofexposu«.intewiUbei,^uencedbyb„» 
„„chavallab,eoUisdeslteaf„.ex.««o..nc.easeaex.s»etl,newiUse.«ra..y,esuU 
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,a„.e,eas«.a.o™totex,rac.eaavai.MeoU>..heefficie„o,of*eex»c«o„ 

,p.a>Mec^-n.«..a.e.A..«onwiU..>*.essen.ea.no.^ 

THee«..ofasi.Uo„„.so.caUo„,ss.own>n..... T,«-- 

.o.a.aaae.u.-oi-----^'^"'^"'"^'^'^"""" 

3oWe„Uoo„epa«.,we.^.oU.aH.™.rta.(3«.).^ex«ac.„„sK„u,a<.u,a. 

a«mpm»e.angingbe,weenabou.35-Ca„dabom55»C. 

0„ce.hes„We„.has^e.pos.d.o*e„«5e^n. — asoKe.an.0., 

...»e.U..™ea.Ass.M.w>U.„ecessa..os.pa..e.eoUa^so.v.. 

.^,*e.sce„a«.a.e.pe»»e«...S.-— — 

_,,..Mo.pa.c.a..-...e.s««a..sa,— .oa^^^^^^^^ 

™..„^a»e^.»a„va..aep.a..„po„.ec— cso...— 
„,,„,..eso,ve„.K.a..ess..Uaesi«a..™*e.sa.Ua,«sW.... 
.o„..eoaa„as„We.»....e..Up.....M--nss.ep.,.^..- 
..^.P.. T.esepa«.ea.>sce„a.«.co.pHseaof™o.s..oUa,e..o„e.a e 
..^s.o..s„.e„.a„..= o^...^-ns.o..oU.««.Ms..pns.^^ 

......w.S.....cenaesa„a„o„-po.co...»...-M--^ 

.,^^...,oeHaes..Us.enaes.^.sepa„.e.e.o,a,.sso*.*esoWen. 
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„aybeagai„used,ifdesiredJoreKtractionofoilfro.oUbearing.^^^^^^^^ 

the oil is ready for commercial use. 

A sui^ble me*od tor separaU,* .wo di«mo. layers is » pass *e layered 
eo^poslHontooughacen^ifUBe. However, any deviceforsepara«ng«.eoUtron.«« 
.We„.n,aybeused.l.por.anfly.««oU«i..n„.have.„be»eated.ore,n„ve.heoo,or, 

<.„r.orphosphoUpidc„ns««.o.,a«dwi«„othave,obe«her«ea.ed«.separa.e.he 

.We„.fron,.heo.. AS sucK^heoiUsready for CO— edible onuses suehas 

vegembie oil sold on grocer, s.ore shelves or for use in ftying of foods. 

Wf,nishedoilwiUbeco.pris^ofgrea«*an95%by«ight«glye.Hdesand 

„.^r„o„-poUrco— ,and™orepreferably99./.by»eigh.»iB.yceridesando.her 

^„.p„l.co„s.n.„.,a»dlessU.a„0.5./.byweigMphospl.olipids,0.5%b,weigHr 

,g.e„.,a„dless*anO.S%b,weigb.odoriferousco.„poue„..Addi..ou..y,^ 

rfy suiuble for use in commercial food applications. 

T.eseex»plesareforillus»«vepu,posesonly.anda.eno.mea„.tolim«U,e 

claims in any way. 

F.xamples_ 

Example 1. , ,u t 

^amounrofbcxanewasblendedwi^anamounrofhyarofluorocarbonsoma,. 

specir.cal,y..,U.2,M,..3-5-decafluoro.n.ane..efi„isbedsolven.«a^ 
.mp^sedofaSV-byvol^ebydro— .ebyaron^rc^-CHPCwassold 

^er*e«adenameV~««m*.byD«Po.P.uorocbemicals.Merfonna.io„of*e 
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soWen., 100 grams of flaked soybeans «re placed in a lO-foo, long screw type auger se. 
a, a 30. angle. The soybeans «re dimensioned « resemble a flake so « ««y had a 
IcngU^of abou. ,0 nun and a sickness of less fl«n 1 nun. Ue solvent added so *a. 
,fl„„eddow„hill.over,heflakedsoybeanmareHal,which.as.»a.cd.o35.C.»hi,e*e 

a„ger«uneda.approxin,a.ely5rpm.oca,^.hesoybeanma.eriaU„n,oveinadirec.io„ 

opposite the solvent. Tire tempera^ in the screw type auger was maintained at 35-0. 
once the solve„.passedovertheflakedsoyt«a..aso,ventandoilmixturewasfom.ed 

was separated ftom the soybean material. The miscella was then cooled to 20= C to 
,„«r theoil solubility and formdistinctsolventat^oil layers. Theoilwasseparated 

ftom the solvent and the oil was then analyzed. 

Theexperimentwasrepeat^exceptonlyhexar^wasusedtoextracttheoil. m 

^ofhexaneonlycomportswithatradi.iona,proced«e.Thehexaneonlyex.rac.ionwas 

.enrepeatedandfollowedbyatraditioualreflningmeth^ltoseparatethe^glyceHdes 

6ompigme„.,phospho,ipid,and„dorife™uscons«.uen.s.Tl«resu..softhethree 

extractions are listed below: 
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B ; I 

h 

fiJ 

Hi 



♦N/A No t Analyzed ^ ^ 

A3 can be seen. U-e solvent comprised of HFC and hyd««rbon coUee,We.y 
.„ae«dano„«»asoo™prisedotgrea.Mhan9^/.b,wa.H.«is.ycHdes.Fu«he,, 

.^.seen>eo«d.no..«ve.s.Hcan.a™o».sor„*e,e„nsa„en.wK,cHa,e 

..ide^ — >nn,cs..odo«app— THee..ac«on.sn>.us.ns..« 
\,C.,d^.ns„We„.con,pa^.o— n.e.«...e««^.o«.lnsH.ane 

„.,d«n,a.on.^ns.*e...den,ons».«...esoWen.se,.^^^^^^ 

triglyceride rich oil. 
Example 2. 

B«i.en.esor„«e— ob..«dwi*hexaneandso>ven.n^s^en,s 

«.e„™pa,ed>nase.ofeKpeHn«n«. variab.es exanUned soWen. 
.„n.posmon,ex»actionperi„d.e^«o„.e,npe.a.u.,ands„nica«o. 

.,Uxperin.en.v.«oa„.eao.«i*so,.«nfla.es. The«eswe.i— 
,«.evario.e«.caonso.ven. — a,e..assex«.«onvcsse.s. 

„nsoWen.swe.He.aneso.n,ix.n«so..e.a„esanddeo^uo™pen^(n-)"^ 
...d.U„s. M.ov™.... . and..e«.nnn,..Us.ed..e..cen.Ke.ane,U.e 
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secondnurnberisthepercentDFP. The various CO— 

listed in Figs. 1 and 2. 

The exaction vessel we« placed in a .henno^tea «a.er ba^. a. a selected 
..pe«««forse..i.epeHods,«.oC2)™inu«si„d.eca.eof*e«peri.en.lis«din 

.»da.o.lof.n(10)mi««.esl„«.= — expeH.e„tlU.edi„Pi,.2. Inase. 

„,«peHn«„u,*eeffec.otul«a30u„do„cx™c.ionemclencyw.a.s„n.o.»^*. 
,.,,.„,„as„u.p,o.eln*ee.»ac«o„vessel.A.U.e„<lofU,espec.eae..^..on 

.„e,.Hoa>eex«c.edoawassepa..ed.avi— ya„d/o.,ec„ve«d..™*e 

J ™i urns weidied and analyzed. Fatty acid 
solvent through distillation. The recovered o,l was wetghed 

e„„positiono.e..racted„i.wasdetern,inedw,thagasc— ha^ersaponir..^^^ 

^an-ethyUtionsteps. The results of the ...y acid analysis are listed in Fig. 3. ^ 
phosph„lipidc„ntentoftheoil«a3detem,ined«lthacalorinte.Hctestprocedure 

. • t nn nf Official Agricultural Chemists (AOAC official 
recommended by the Association of Official Agr 

method 949.07). 

Theresultsofe..ractione.^rin,ent.areshowngraphicaUyinFig. 1. T-te.lts 
.ho.tha.thea„,ounto.oile..racted.n.soy.^-susinghe.anesandOFPnu.ture 

of 40.60or35:75ratios was fairly oo.iste„t(,u=anwetgh.per^ofl5.6,for.he 

e.»c.ionten.peratureranginghetween2.C-45=C.Theaverageweightof„.ls 

■ .1 IOTA The weisht differences (3.7%) m the 
e««Bd with hexane was approximately 19.3 /.. The weig 

„Usex.rac.edwi.lionlyhexa„esversu.Hexanes/DFPHendedsolventsrepresentthepolar 
„p>ds,phospholipidsandfat.yacids)a„d„.her„.terials(piBn.e„.s,reniahih,gin.he 
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2.8 



gyvanc : DFP 

(40i6Q) 
<0.1 



HexaaeifiFP 
<0.1 



Ha^ane : DFP_ 

(3fi;7Ql 



<0.1 



The 



results of the oil extracted with the 



aid of sonication are shown in Fig. 2. 



Keducedextractiontimeandenhancedoil quantities were 



achieved with the use of 



'°''''''''''* V .of the soy oil extracted with different 

Fatty acid and phospholipid composmons of the soy 



cane/DFP blends are shown in Fig. 3 and 



Table 1, respectively. Triglyceride contents 



hexane/urr However the phospholipid 

.erenotaffectedbythedifferenceinthesolventblend. However, 



much lower (below detection 



• extracted with hexane/DFP mixtures were 1 

contentsrntheoUextracted ,^i,ed that a fluorocarbon and 



limit) than the hexanee: 
hexane solvent is preferred for use in 



:xtractedoil. As such, it was deter 



extracting triglyceride rich oils. 



^describedanovel solvent and method for 

fulfills all ofthe objects and advantages 

»„gh. therefor. U «m be apparent to those staUe 



Thus, there has been shovm and I 
ofan oil rich to triglycerides which: 
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vaHa.o.,moaifioado».a„doa,erusesandappUca.io.for*esubiec. — 
be covered by U,e invention wMch is .imited only by toe clain. which follov,. 
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